In order to further investigate the structural characteristics of some music tracks that may produce the "Mozart effect", this paper describes the key musical elements of "Mozart effect". Mozart K.448 and reversed Mozart K.448 are chosen as music stimulus materials to examine ethological changes of rodents and students. It has been proven that there is indeed the "Mozart effect". We also apply molecular biology techniques to carry out profound discussion on production mechanism of "Mozart effect". The results show that in hippocampus region, with the extension of music exposure time, the average optical density of the Mozart group is significantly higher than that of the blank group in appropriate development phase. The protein expression levels of BDNF/TrkB in the hippocampus and in auditory cortex regions of rats exposed to Mozart music in different development phases have been significantly increased, which coincides with ethological findings.
Introduction
Since the 1990s, more and more studies have found that there is a close association between music cognition and advanced brain function. This relationship between the music and the cognitive function of brain has tended to be a hotspot for study over the past two decades. Scholars explored the relationship between music and spatial cognition and found that Mozart sonatas or other similar music tracks could help to improve spatial cognition level of individuals after listening to them, namely the so called "Mozart effect" (Ivanov et al., 2003) . This study result has aroused wide concern from the academic circles and the social masses once reported, and some scholars also questioned it. In order to examine whether this effect is reliable on earth, many scholars at home and abroad have adopted different experimental paradigms and explored it under various experiment conditions. Among them, some successfully recur the "Mozart effect", but some have not yet found it. It is stated that the uncertainty of this effect generally attributes to the choices of experimental paradigms, musical compositions, and measurement tools (Jones et al., 2007) . In addition, some scholars also hold different opinions on the generation mechanism of the "Mozart effect" even if they reproduce it successively (Nantais et al., 1999) . Up to now, there are two generally recognized standpoints on the "Mozart effect", one is the "starting doctrine", which states that this effect is attributed to such a fact that music activates brain neurons and initiates a spatial region in the brain for processing music, thereby improve subject's spatial memory power directly (Angelucci et al., 2007) ; the other is the preference or arousal theory. They believe that the "Mozart effect" derives from the preference of the subject for music, resulting in a change in arousal, thus indirectly improving spatial memory power of subjects.
In this paper, we arrange our jobs as follows. First, the reversed Mozart K.448 (in the reverse order of the notes of Mozart's K.448) is used as the comparative stimulus material (it is ensured that the physical properties of the music material that the subject listens to are identical). Take 60 students and 45 rats as the study subjects. By examining the spatial cognitive behaviors of students and rats after listening to music, we discover that Mozart music in a forward note order can improve the spatial cognitive competence of the subjects, so that the existence of the "Mozart effect" is thereby confirmed; it is also found that reverse music may have negative effects. Second, we also learn from the expression levels of brain derived neurotrophic factor (BDNF) and its receptor (TrkB) as well as the newborn neurons in hippocampus of rats under music exposure as detected in different development phases, that the forward Mozart music can improve the expression level of BDNF/TrkB in the hippocampus and auditory cortex and stimulate the occurrence of neurons in the dentate gyrus of the hippocampus, but for reverse Mozart, the contrary is the case. It is suggested that "Mozart effect" may be generated by upregulating the expression level of BDNF/TrkB in the relevant brain regions and intensifying the proliferation of newborn neurons. we also discover by detecting the expression level of BDNF/TrkB in dorsal hippocampal subregions (CA1, CA3, and dentate gyrus) of rats after music exposure, that the improvement of spatial cognitive power has a concern with it in the dorsal hippocampal CA3 region and dentate gyrus, which implies that the hippocampal subregions play a different role in the music cognitive process.
As above, this paper aims to verify the existence of "Mozart effect" with animal and human behavioral experiments. Moreover, the rhythm may be the key musical element that produces the "Mozart effect"; while we find that reversed music has a negative effect on spatial cognition; here discusses the neurobiological mechanism of the "Mozart effect" by analyzing the expression level of BDNF/TrkB and the music effect on hippocampal neurogenesis in subjects under music exposure; in the end, the application of "Mozart effect" in medicine field is also preliminarily discussed here. These efforts we have made would help human comprehend the music cognition field (Cuervo et al., 2016) .
Methods

Experimental animals and groups
In this paper, the Sprague-Dawley (SD), male and female, weighed at 250 ± 10 g, are purchased from the Institute of Zoology, Sichuan Province. Male and female SDs can be freely mating in the breeding room where 12:12 lighting rhythm is maintained after birth of the young SDs (the lamps are turned on at 08:00 every day). Outdoor environment is maintained at 22 ± 2 °C. 45 SDs are randomly divided into three groups (n=15): the Mozart group (exposed to Mozart K.448), the reversed Mozart group (exposed to the reversed Mozart K.448), and the blank group. In animal experiments, the young SDs are exposed to the music from their postnatal day 1 (PND1). The music is played from 8:00 P.M every day to 8:00 A.M of the second day, cycled for 12 hours. The test on animal ethology lasts for 28 days after birth (PND28), 56 days (PND56) and 98 days (PND98).
Experiment materials
In this study, we chose Mozart's Two-Piano Sonata K.448, because it is said it can produce the "Mozart Effect" as studied previously. In order to ensure that the physical stimuli from the music to the subjects are identical, we also adopt the inversed Mozart K.448 (that is, the notes of Mozart K.448 are arranged in reverse order) to compare against the former, music material is made as shown in Fig. 1 . 
Water maze test
The water maze is the most classical method for testing the spatial learning and memory competence of experimental animals. The apparatus consists of a stainless steel cylindrical barrel (130 cm in diameter and 50 cm in height). The pool is average split into 4 quadrants by computer programs. Before the experiment, pour clean and non-toxic tap water into the barrel, add high-concentration non-toxic milk to the water in order to make it get milky white such that the terrace can be hidden. The water temperature is maintained at 26±1°C. Place a hidden terrace with 10 cm diameter into one of the quadrants. It is required that the water surface in the pool is 2 cm above the terrace (McKelvie et al., 2002) . The quadrant with the hidden terrace is defined as the target quadrant, based on which, the other quadrants are defined as the left, right, and opposite quadrants, respectively. The head of SDs is tinted yellow with picric acid for infrared tracking. During the experiment, secure different reference objects around the four-quadrant water maze, trace the trajectory of animal actions synchronously by a special camera, and data and image analysis are performed by appropriate software. The water maze experiment consists of two parts: the hidden terrace hunting experiment and the spatial probe experiment. Hidden terrace hunting experiment: what to examine in this experiment is the learning and memory capacities of SDs for spatial orientation. On the day before the formal experiment, the SDs should be familiar with water life as pre-test, and each is allowed to swim freely in the pool for 2 minutes. During the formal experiment, the SDs should be trained 4 times a day, and 60 seconds each time. From the 4 quadrants, randomly choose one as the water entry point, gently place the SDs into water with heads upward, and record the time (i.e. escape latency) required for SD to search for the terrace from entry into water (climbing up the terrace). If the SD can't find the terrace within the specified time (60 seconds), it should be manually led up to the terrace. The SD stays on the terrace for 20 seconds recorded as the escape latency. Then repeat the above training in the next quadrant as the other water point, until it has trained in all four quadrants. Each SD must be trained for 4 consecutive days, a total of 16 times. After the training is ended every day, the mean vale of durations required for the SDs in each group to search terrace is calculated (Crncec et al., 2006) . Space search experiment: it is used to examine the SD's accurate reminiscence of the spatial location of the original terrace, namely the memory maintenance capacity. On the fifth day of the experiment, move away the terrace and gently place the SD facing the wall into water at any point. The space search time of SD is defined as 60 seconds (free swimming for 60 seconds). The target quadrant (where the original terrace is located) that the SD stays and the time of other quadrants are calculated.
Experimental statistics
For the water maze experiment, the escape latency in hidden terrace hunting experiment is analyzed using the repetitive measurement and variance analysis in the generalized linear model (Steele, 2003) . Spatial search experiment uses one-way analysis of variance to compare the differences in swimming time between the four groups of rats in the four quadrants.
Results and discussion
Analysis of results from water maze experiment
The results from water maze experiments show that there are significant differences in the learning capacities of SDs during the three developmental phases. In the hidden terrace hunting experiment, after the hidden terrace hunting experiment for 4 days, although the escape latency of all three groups of animals decrease, a significant difference appears from the second day (P < 0.05). The post hoc test results reveal that Mozart group can find the terrace more correctly and has a better learning competence than the blank group, while the reversed Mozart group has a poor learning competence and even lower than the blank group, as shown in Fig. 2 . In the spatial search experiment, the Mozart group spends more time in swimming in the target quadrant (P < 0.01) and less time in staying in the contralateral quadrant (P < 0.05) than the blank and reversed Mozart groups; the reversed Mozart group shows the opposite result, as shown in Fig. 3 . In the figure, the Mozart group is represented in blue; reversed Mozart group is in green, and the blank group is in red. 
Statistical analysis of results
The slice images are acquired by Olympus fluorescence microscope (BX51). After that, the computer-specific image analysis software performs analysis on relevant brain regions in the slice images, also auto measures the average optical density of protein expression in specific brain regions. Statistical analysis uses one-way ANOVA in ver. SPSS16.0 with the results expressed as mean ± standard errors. When the main effect is significant, multiple comparisons are performed using LSD post hoc tests.
Results are expressed using BDNF/TrkB. The protein expression of BDNF/TrkBin specific brain regions shows that in the hippocampus, with the extension of music exposure time, the average optical density of BDNF/TrkB in the Mozart group is significantly higher than that of the blank group at the corresponding development phases (P < 0.05),while in the reversed Mozart group, it is significantly lower than that in the blank group (P < 0.05), see Fig. 4 and 5 for details. Fig. 6 gives the hippocampal expression levels of SDs at different developmental phases. 
Conclusion and outlook
As described in the above experiments, the protein expression level of BDNF/TrkB in the hippocampus and in auditory cortex of SDs exposed to Mozart music significantly builds up to be consistent with the ethological results. It is suggested that the generation of "Mozart effect" may attributes to upregulation of BDNF exposed to music. There is no yet significant change in the protein expression of BDNF/TrkB in the parietal cortex region since music stimulus may be a local effect on the protein expression of BDNF. Additionally, the reason why Mozart music regulates hippocampal BDNF/TrkB expression is that it affects CA3 and dentate gyrus. Our results suggest that music exposure can cause the change in the plasticity of neurons in the developmental period so as to play an effect on the spatial cognitive competence of individuals.
